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Abstract

This paper reports several experiments that investigated how performance feedback
in a computer-based training environment affected students’ acquisition of cognitive skills
requiring substantial practice. College students worked on category-search or electronic
troubleshooting tasks; problems were presented, responses were recorded, and
performancefeedback was givenusing microcomputers Westudiedthe impactof receiving
information about (a) temporel trends in one's own performance (i.e., intrapersonal
feedback alone) and (b) temporal trends in both one’s own and others’ performance (i.e.,
jointintrapersonal and interpersonalfeedback). Inregard to intrapersonalfeedback alone,
we assessed how different types of "absolute" performance information (e.g., weighted vs.
unweighted averages of reaction times on previous trials) affected students’ learning.
Results indicated that these manipulations had only weak effects. In regard to joint
intrapersonal and interpersonal feedback, we assessed how different types of “relative”
perfarmance information (e.q., superiority vs.inferiority vis-a-vis others) affected students’
learning. Here, evidence revealed that the type of feedback students received influenced
how well they performed. it was suggested that the impact of intrapersonal and
interpersonal feedback will be affected by the amount of practice time needed to achieve
proficiency. Feedback mayhave alarger effectwith extendedtraining periods representative
of normal classroom instruction.
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FEEDBACK EFFECTS IN COMPUTER-BASED SKILL TRAINING

Motivation in Comuuter-Based Instructi

Our work is based on the assumption that skill acquisition in computer environments,
as in conventional classrooms, is determined by several factors (cf. Carroll, 1963; Slavin,
''9886). One factor, student aptitude, is not under teacher control, at least in the short run.
Other factors, including the quality of the instruction, the appropriateness of the instruction
to the student’s skills, and the amount of time the student is given to learn the material, are
quite amenable to teacher control. Finally, the last factor, the student’s motivation to work
on instructional tasks, is jointly affected by both the stucdent and the teacher.

it is important to recognize that each of these factors is necessary, but not sufficient,
for effective instruction. In attempting to conceptualize the relationships among these
factors, itis useful toadopt a muttiplicative model. Sucha modelhas twoimplications. First,
it implies that instruction will be maximally effective when student aptitude, instructional
quality, instructional appropriateness, time on task, and student motivation are all high.
Second, it implies that instruction will be ineffective if even one of thase factors is low. It
should be noted that, in many circumstances, these factors are not orthogonal. For
example, it would not be surprising if low instructional quality reduced student motivation,
or if instructional appropriateness was easier to achieve with medium-aptitude than with
high- or low-aptitude students.

Most researchers interested in computer-based instruction are at least implicitly aware
of the importance of the five factors just mentioned. Moreover, if questioned, they would
probably acknowledge that these factors can, at least to some extent, compensate for and
influence one ancther. In spite of this awareness, howaever, thers is a striking imbalance in
the amount of explicitattention that has been devoted tothe various determinants of learning
incomputer environments. Instructional quality issues, such as clarity of lesson objectives,
organization cf information, and use of examples and summaries, have received extensive
attention. In ccivirast, motivational issues have been largely neglected.

Many definitions of motivationin general and achievement motivationin particular have
been proposed over the years. For our purposes, the definitions offered by Dweck and
Elliott (1983) are appropriate. These authors define motivation as "contemporaneous,
dynamic psychological factors that influence such phenomena as the choice, initiation,
direction, magnitude, persistence, resumption, and quality of goal-directed (including
cognitive)activity (p. 645)." Dweck andElliottidentify two types of achisvement goals (those
involving learning and those involving performance) and define achisvemant motivation as
"psychological factors (other than ability) that affect the adoption and piu: suit of these goals
(p. 646)."

One perspective on motivation and learning suggests that the key to effortful
performance is intrinsic interest in the task. According to this position, which is well-
articulated by Lepper and his colleagues (e.g., Lepper, 1985; Lepper & Chabay, 1985;
Lepper & Malone, 1985; Malone & Lepper, 1985), motivational problems can be averted




by using tasks (such as games) that are "fun” to work on. Although such tasks may waell
prove useful in enhancing motivation for some learners in some subjects, it seems
premature to conclude that intrinsically interesting tasks will provide a general solutionto the
problem of motivational deficits. Some educationaltheorists, suchas Slavin 1986), declare
that it is impossible to make all subjects intrinsically interesting to all students, and hence
extrinsic incentives are essential to produce adequate levels of effort. Other theoriste. such
as Lepper (1985) and Deci and Ryan (1985), point out that substantial theorutical
disagreement exists regarding the psyshological underpinnings of intrinsic interast (e.q.,
some theories emphasize the importance of challenge, others stress curiosity, and still
others highlight control). This controversy suggests that the construction of intrinsically
interesting tasks in a variety of subject domains will not be easy. Finally, it is not clear that
intrinsically interesting tasks, even if they could be created, would necessarily be the most
effective way to teach many important skills. AsLepper (1985) has suggestead, the impact
of intrinsic motivation on learning is not well understood, and there may be circumstances
under which features of intrinsically interesting tasks actually inhibit learning.

A second perspective on motivation and learning emphasizes the use of external
reinforcers as a means of enhancirg performance. Many programs have been developed
in which students are rewarded for good performance and/or punished for poor
performance. These techniques can be quite effective  students perceive clear
contingencies between performance and reinforcement and if reinforcers have high value.
Given these constraints, it is clear that successful reinforcement programs are easier to
implement in some environments (e.g., military training installations) than in cthers (e.g.,
inner-city high schools).

scqusition of G ' Sils in Complex Tas

Our research seeks to clarify the impact of motivation on leaming when intrinsic interest
islow. We are concerned with the acquisition of the component skills necessary for efficient
performance on complex tasks, such as electronic troubleshooting. Moreover, we are
concerned with skills that can be taught to individuals and small groups using computer-
based instruction in controlled settings. A number of important task domains satisfy these
criteria. For example, in reading and arithmetic, as in electronic troubleshooting, many
component skills must become automated. If the training snvironment fails to produce
active, sustained practice by the student, then this automation will not occur, and the
component skills will be neither acquired nor incorporated into higher level skills.

Component skills must be practiced for long perinds of time in order for the learner to
shiftfromcontrolled processing, which is slow, serial, and effortful, to automatic processing,
which is fast, parallel, and fairly effortless (Schneidsr, Dumais, & Shiffrin, 1984; Schneider
& Shiffrin, 1977, Shitfrin & Schneider, 1977). For exampls, in learning integration formulas
in calculus, students need to practice the basic formulas many times in order to execute
reliably & complex series of substitutions without error. Work in W. Schneider's lab on a
variety of tasks indicates that some students quit during the initial acquisition phases
because the resource demands are so high that the task seems impossible. Moreover,
many students fail to exert effort on the task after modest skill levels are achieved. itis very
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difficult for even good students to practice a component task for thousands of trials.
Typically, after the first 200 trials, students’ performance is accurate and mocierately fast.
The improvements per hundred additional trials may be too small to seem worth the effort.
The absence of sallent performance improvement makes it difficuit for students to maintain
the motivation necessary for sustained practice. Such practice is essential, however, when
students shifttoa higher task level. When such a shift occurs, lack of practice of component
skills can have devastating effects.

Varieties of Performance Feedback
Most techniques for increasing student motivation assume that certain types of
faciltate task-related effort, whereas other types inhibit such effort.

performance feedback
Iif so, then research designed to identify the characteristics of effective fesdback may prove
quite useful in improving instructional design.

In situations where learning requires a long period of practice, tha student typically
receives feedback about his or her performance at more than one pointin time (see Exhibit
1). This information can be received either continuously (i.e., after every trial) or
intermittently. In the intermittent case, fesdback episodes can be separated by either a
constant or a variable number of trials. Regardless of the frequéncy with which information
is received, it can either reflect performee on the last trial alone or aggregated
performance across some setof previoustrials. Whenaggregated performanceisinvolved,
the number of trials inthe set can vary, as can the weighting function that is used to combine
information from different trials (e.g., each trial might be weighted equally, or some trials
might be weighted more heavily than others).

In addition to these paramaeters, performance feedback can vary on other dimensions
as well. For example, feedback can reveal sither abs vlute performance (e.g., reactiontime
in milliveconds) or relative performance (e.g., "graded" reaction time vis-a-vis some
stanuard). It is important to note that, compared to absolute performance, relative
performance is both more "evaluative” and less “precise.” Moreover, the receipt of feedback
can be either obligatory (in that students receive performance information whether or not
they desire it) or voluntary (in that students can choose to receive or avoid periormance
information). In either case, students might or might not be given control over the specific .
form of feedback that they receive (e.g., continuous vs. intermittent, absolute vs. relative,
private vs. public). Finally, of course, the temporal pattern of feedback can vary. The
number of possible temporal patterns is immensse. Potentially irportant aspects of such
patterns include: the slope and intercept of the performance curve; the shape of the curve
(linear; nonlinear); and the degree of variability around the curve (both average variability
around the entire curve and specific variability around particular portions of the curva).
Exhibit 2 illustrates several temporal patterns that might occur in students’ psrformancs
(Ryan & Levine, 1981).

Our discussion so far has focused oi the student’s recsipt of information regarding
temporal trends in his or her own perforinance, which can be labeled intrapersonal
feedback. Itisalso possible, of course, for the siiident to receive information aWouttemporal
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trends in both (a) his or her own performance and (b) another person's performance (or the
performances of several other persons). In this cass, the student gets jnterpersonal as
well as intrapersonal feedback. o

Inorder tofacilitate discussion of joint interpersonal and intrapersonal feedback, wea will
make three simplifying assumptions. First, we will assume that the student recsives
feedback about another's performance each time that he or she receivas feedback about
his or her own performance. if the two types of feedback are not always available, or if the
student has the option to avoid one or both types, then a substantially more complicated
situation can aris. We have found, for example, that ~ subject whose perforrnance is
increasing over tinie is equally interested in seeing the performanc. > of someone who is
improving at a faster rate and someone who is improving at a slower rate. In contrast, a
subject whose performance is decreasing over time is much more interested in sasing the
performance of someone who is deteriorating at a faster rate than someone who is

- de'eriorating at a slower rate (Levine & Green, 1984). The second simplifying assumption

that we will make is that the student receives feedback about his or her own and another's
performance at only two pointsintime (Time 1 and Time 2). This assumption eliminates the
possibility of curvilinear relationships between performance and time. Finally, we will
consider only ordinal differences between performances. This means that, rather than
dealing with the magnitude of the difference between Performance X and Performance Y,
we will only be concerned with whether X is larger, smaller, or equalto Y.

Eveninthe extremely simplified situation Justdescribed, alarge number of relationships
are possible (see Exhibit 3). in this table, A1 refers to Person A’s performance at Time 1,
A2 refers to Person A's performance at Time 2, and so on for Persc 1 B. The check marks
inthe table refer tothe possible jntrapersonal relationships between A1and A2 and between
B1and B2, and to the possible interpersonal relationships between A1and B 1 and between
A2 and B2. Note that the intrapersonal relationships are intertemporal (that is, they cross

“the twotime periouJs), whereas the interpersonalralationships are intratemporal (thatis, they

remain within a single time period). We have left out the relationships between A1 and B2
and between A2 and B 1 (which are both interpersonal and intertemporai), although there

. are certainly cases in which they might be interesting. Cleariy, investigators who are

interested in studying the joint impact of interpersonal and intrapersonal feedback on
motivation must consider a wide range of possible penurmance patterns.

To illustrate how the relationships in the table might look if they were depicted on
graphs, we have drawn a subset of them (see Exhibit 4). This figure shows the nine
relationships that could arise in the lower right cell of Exhibit 3 (where A1 < A2 and A1 <
B1).

Having made the case that performance feedback ontasks involving extended practice
is potentially quite complex, we now turnto the question of what prior research has revealed
about the motivational consequences of such feedback. This question is both d¥ficult and
easytoanswer. Itis difficLlt, because a substantial amount of research has besn conducted
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on related issues, and this work has not always yielded consistent findings. It is easy,
because little effort has been explicitly devoted io investigating how performance feedback
affects motivation on extended practice tasks. Rather than presenting anexhaustive review
of relevant research, we will briefly mention several lines of investigation that may suggest
useful hypotheses for our own work (see Exhibit 5).

Alarge literature de Is with the impact of ‘knowledge of results” (KR) on motor learning
and performance (Adams, 1987; Salmoni, Schrnidt, & Walter, 1984). Researchers have
studied how behavior on motor tasks is affected by such KR variables as absolute and
relative frequency, temporal locus, and precision. In seeking to explain why knowledge of
results influences motor behavior, investigators have emphasized its motivational, as well
as associational and guidance, functions (e.g., Strang, Lawrence, & Fowler, 1978).

The effect of feedback on conceptual learning has also been studied. For example, it
has been found that children perform better on discrimination-learning tasks when they
receive verbal or symbolic feedback rather than tangible feedback (Barringer & Gholson,
1979) and when they receive punishment (either alone or with reward) rather than reward
alone (Getsie, Langer, & Glass, 1985). Both of these effects are presumably due, at least
inpart, tomotivationalfactors. Other research designedto investigate howfeedback affects
academic performance has indicated that students do better when they take graded as
opposed to pass-fail courses (Gold, Reilly, Silberman, & Lehr, 197 1), when their homewaork
is checked (Austin, 1978), and when their parents are frequently informed about their
progress (Barth, 1979). Research with adults has found that (a) in mathematics learning,
the type of feedback that subjects attend to (positive vs. negative) affects performance
(Tomarken & Kirschenbaum, 1982), (b) in military training invoh ing electronics, propulsion
angineering, and teletype use, provision of detailed performance feedback facilitates
learning, especially when tha feedback is given on demand and shows the incentives
available for different performance levels (Hamovitch & Van Matre, 1981; Van Matrs,
Pennypacker, Hartman, Brett, & Ward, 1981) and (c) in multiple-cue probability learning,
certain forms of computer graphic fesdback increase learning on complax tasks (Hoffman,
Earle, & Siovic, 1981).

Feedback and performance have also been investigated in organizational settings.
ligen, Fisher, and Tavlor(1979) have suggested that the effect of feedback on performance
is mediated by the recipient's perception of the feedback, acceptarice of the feedback,
desire to respond to the feedback, and intended response (or goals). Each of these
mediators, in turn, is influenced by several additional variables. For example, potentially
impurtant determinarits of therecipient’s perception of foedback include the timing, valence,
and frequency of the feedback.

The importance of goals in determining motivation and performance, and the joint
impact of feedback and goals, have been emphasized by many authors. Mento, Stee!, and
Karren (1987) report the results of a meta-analysis that supports Locke's ( 1968) contention
that hard goals (if accepted) lead to higher performance than do easy goals (d = .5¢) and
that specific hard goals lead to higher performance than do general goals (d = .44). These
reviewers aiso found that the efficacy of specific hard goals was increased by the use of
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feedback (see aiso Locke, Shaw, Saari, & Latham, 1981). In related work, Bandura and
Cervone (1983) found that task motivation was highest when both performance goals and
feedback were present. -Additional research suggests that proximal and distant goals can
have different effects on motivation (Manderlink & Harackiewicz, 1984).

Otherinvestigators have focused on how feedback can influence goal setting. Work on
"level of aspiration" indicates that negative performance feedback causss individuals to
lower their expectations for future performance, whereas positive feedback causes
individuals to raise their expectations (e.g., Lewin, Dembo, Festinger, & Sears, 1944).
Moreover, consistent with the idea that interpersonal as well as intrapersonal feedback is
important, evidence indicates thatindividuals’ assessments of their performance quality are
affected by how others perform (e.g., Anderson & Brandt, 1939; Chapman & Volkmann,
1939, Dreyer, 1954; Gerard, 1961; Fontaine, 1974).

A huge literature exists on achisvement motivation, and many controversies rage
regarding its causes and consequences. Nevertheless, most achisvement motivation
research is based on some versicn of expectancy-value theory and assumes that
performance feedback plays an important role in influencing expectancies (e.g., Atkinson
& Feather, 1966; Dweck & Elliott, 1983; Feather, 1982; Kanfer, 1987; Trope, 1986).
Attributional and learned heliplessness modeis of achisvement motivation, which focus on
cognitions about success and failure, give particular emphasis to the impact of feesiback on
expectancies (Dweck & Goetz, 1978; Weiner, 1986).

The utility of different types of feedback has been of interest to many motivational
theorists. Dweck and Elliott (1983) and Nicholls (1984) have argued that intrapersonal and
interpcrsonalfeedback are differentially important depending onthe particular achisvemeist
goal (learningvs. performance) thatis dominant. Researchers who studyintrinsic modvation
have suggested that different forms of feedback (e.g., performance-contingent vs. task-
contingent) have differont effects on subjests’ interest in the task (Harackiewicz, Sansons,
& Manderlink, 1985; Lepper, 1983; Sansone, 1986). And, Trope (1986) has suggestedthat
the "diagnosticity" of performance information (i.e., the degres to which the information
reveals an underlying ability) is a cruclal determinant of achievement striving. Accordingto
this analysis, a personiz motivated to work on tasks that have a high probability of providing
the kind of ability inforrnation thz:: he or she seeks. (seli-enhancing information; accurate
information).

We willconclude this overview by brisfly mentioning some social psychologicalresearch
onhow peoplereactto intrapersonnland interpersonal performance information. While this
work Is typically not couched in motivational terms, it is nevertheless relevant to our present
concerns. In regard to the impact of intrapersonai feedback, studies have indicated that the
pattern and variability of subjects’ psrformance on a task influence their liking for the task,
their attributions for their performance, and their degree of task persistence (e.g., Bryant &
Perloff, 1986; Chaiken, 1971; Harvey & Kelley, 1974). In regard to the impact of
' feechback, studies have revealed a wide range of cognitive, affective, and
behavioral reactions. Learning that oné’s performance is superior or inferior to that of
another has been found t. influence attributions for past performance, expectancies for
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"' “future performance, affectwe reactlons, amount and quality of task-related behavior, and

" self-reward (Levine, 1983). Morsover, there is reason to believe that the outcomes of
‘comparison-may vary depending on whether two individuals are members of the same

. group or different groups and whether comparisons are made at the individual level or the
e '-""‘"‘*‘group level (Levlne & Moreland, 1986, 1987, 1989; Rjisman, 1974, 1984).

a0 The studies reviewed above, though relevant to our concems, do not explicitly
investigate the motivational consequences of intrapersonal and interpersonal performance
feadback on cognitive tasks that requira substantial practice. In order to clarify these
.consequences, it is necessary to investigate questions such as the following:
- When the subject receives ntrapersonal feedback alone

- What is the optimal way to aggregate absolute performance
information to enhance learning?

Cae - Last trial only

Vo - Moving average for last n trials

- Weighted average for all trials in block (e.g., recent
trials weighted most heavily)

- Unweighted average for all trials in block (all trials
weighted equally)

- What is the optimal way to "grade" performance information
- to enhance learning?

- Absolute standard (e.g., 95% = A, 80% = B, etc.)

- Stable performance-based standard (criteria derived
from §'s initial performance, e.g., 20% above mean = A,
10% above mean = B, mean = C, etc.)

- Moving performance-based standard (criteria derived
from S's continuing performance, e.g., 20%s above mean
oflast5 trials = A, 10% above mean of last 5 trials =
B, lasttrial = C, etc.)

- Normative standard (criteria based on performance of
other Ss)

- To what extent is learning in Trial Block n associated with:
- Performance expectation for Block n
- Discrepancy between oerformance expectation for Block
n-1 and actual performance in Block n-1
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- Attribution(s) for performance in Block n-1
- Satisfaction with performance in Block n-1

- When tha subject receives both intrapersonal and jnterpersonal
feedhack

- What factors optimize learning under individual competition?

- Self and other similar or different in initial skill level
- Trial-by-trial feedback about self and other voluntary
or obligatory
- Feedback available to self only or to both self and other
- Anticipation or no anticipation of future competition

- What factors optimize learning under group competition?

- All above issues for individual competition

- Self and other compete as team representatives or entire
teams compete

- In team case, all members of one team perform before
all members of other team or members from two teams
alternate |

-in stkeam cass, all members perform same task or different
tasks

- In team case, performances of individual members are
private or public within and between teams

Studies on Intrapersonal Performance Feedback

Our initial work dealt with the impact of intrapersonal performance feedback. We have
conducted several experiments designed to develop our research paradigm and provide
preliminary information about how intrapersonal feedback effects motivation and learning.
Qurresearch was guided by the assumption that the informativeness offeedback isa crucial
determinant of motivation. We believe that informativeness depends on the following
factors:

- Interpretability (use of a known metric for describing
performance)

- Degree of covariation with performance

- Sensitivity

- Timeliness in tracking performance

- Responsiveness to "significant' changes in perfcrmance

Study 1. The purpose of this iriitial study was to assecs the impact of reaction-time (RT)
feedback and a self-evaluation "probe” question on performance in a category-search task.
The probe question was designed to measure one of the psychological factors that might
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mediéte the effect of performance feedback on learning. Because we wanted to include

probe questions in subsequent studies, we needed to determine whether merely answering
such questions would affect subjects’ task performance.

Fcurcondtticns Were usedinwhich subjects receivedaccuracy feedback aftereach trial
(see Exhibit6). Inthe Mo RT/No Probe condition(n = 10), RT feedtsack was not presented,
and subjects were not asked the probe question at the end of each block of trials. In the

‘RT/No Probe condition (n = 10), subjects recsived RT feedback after each correct trial, but

were not asked the probe question. in the No RT/Probe condition (0 = 12), subjects did
not recelve RT feedback, but were asked the probe question. And, in the RT/Probe
condition{n = 10), subjects both received RT feedback and answered the probe question.
Subjects were college students who were paid $4.00 for their participation in the study.

The cawegory-search task was presented using the Microcomputer Experimental
Laboratory (MEL), which runs on IBM-compatible microcomputers. Subjects were shown
pairs of category labels, such as "article of clothing" and "musical instrument," followed by
two target words, such as "shirt* and "rifle." The subject’s task was to respond "yes" if either
target word bélonged in either category and to respond "no” otherwise. The subject initially
completed 12 practice trials (on which only accuracy feedback was presented) and then
used 9-point scales to answer saveral questions about the task, including his level of
probable performance, his attributions for future task success/feilure (effort, ability, luck,
task difficulty), and his view of how enjoyable and challenging the task would be. Next, the
subject completed 14 blocks of 48 trials each. On all trials, target words were vanably
mapped onto category labels (i.e., a given target word was correct on some trials and
incorrecton othertrials). After each response, the subject received accuracy feedback (the
word "correct” or the word “error® accompanied by the type of error). In addition, if he was
in an RT condition, the subject also received reaction-time feedback (in milliseconds) after
each correct response. After each vlock of trials, subjects in the Probe conditions were
asked to rate their performance on a 9-point scale. After Blocks 7 and 14, subjects in all
conditions answered questions that were very similar to those they had answered after the
practice trials. All responses were stored by the computer. Following the experiment,

subjects were t0ld the purpose of the study and any questlcns were answered. The entire

procedure took about one hour.

Analyses were conducted on subjects’ response latency and response accuracy.
Results revealed significant RT effects on both dependent measures. Across the 14 blocks
of trials, subjects who received RT fesdback had shorter response latencies (when they
answered correctly) (M = 1219 msec.) then did subjects who did not receive RT feedback
(M = 1563 msec.). Incontrast, subjects who received RT feedback wereless accurate (M
= .88) than were subjects who did not receive RT feedback (M = .92). These data suggest
aspeed-accuracy trade-off. Inaddition, response latencies decreased over blocks of trials.
The absence of other effects suggested, as hoped, that the inclusion of the probe questions
dict not affect subjects’ performance on the category-search task.

Several correlational analyses were conducted to clarify the relationships between (a)
subjects’ latency and accuracy scores and (b) subjects’ answers on the probe and other
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questions. We attempted to determine, for example, if subjects’ attributions for their

- performance were related to the quality of their performance and if these relationships

differed as a function of the type of feedback that subjects received. These analyses did not
yield a‘ny easily irrte’rprétablé patt'e‘rns of results.

Study 2. Incontrastto Study 1, which used feedback from only the previous trial, Study
, 2 assessed the impact of feedback apgregated across trials. More speciﬂcally. we
L EE investigated how leaming in a category-search task was affected by four types of RT
e fesdback (see Exhibit 7). These RT variations were (1) Last Trial Only (similar to the RT
' conditions of Study 1 - Exhibit 8), (2) Unweighted Average (based on all preceding trials in -
the block, weighted equally - Exhibit 9), (3) Weighted Average (based on all preceding trials
inthe block with récent trials weighted more heavily than earlier trials - Exhibit 10), and (4)
Moving Average (based on the most recent 16 trials in the block, weighted equally - Exhibit
11). Asin Study 1, subjects in all conditions received accuracy feedback after each trial.

5 ‘l s

1

In addition, probe questions were presonted after each block of trials in all conditions. &
Thirteen college students served as subjects in each of the four conditions. Subjects e
received $5.00, as well as course credit, for their participation. &
We expected that the different types of feedback would vary in informativeness, which =

in tum would  affect subjects’ learning. Specifically, we predicted that feedback
informativeness andtherefore learning wouldbe highestin the Weighted Average condition,
next highest in the Unweighted Average condition, and lowaest in the Moving Average and i
Last Trial Only conditions. k-
The experimental task was the same as that used in Study 1, with a few exceptions. | Z
Ratherthan completing 12 practice trials followed by 14 blocks of 48 variably-mapped (VM) E
trials, subjects initially completed 3 blocks of 60 VM practice *rials, followed by 14 blocks of i
60 consistently-mapped (CM) trials (in which a given target word was aiways correct or i3
always incorrect). Moreover, rather than answering only one probe question after each
block of trials, subjects answered six questions. Using 7-point scales, subjects eveaiuated 3
_ their performance on the current block, evaluated their performance on the current block i
relative to the previous block, rated the informativeness of the performance feedback 4

received on the current block, rated their effort on the current block, predicted their
performance on the next block relative to the current block, and rated their confidence in this
pradiction. Following the last block of trials, subjects answered 10 questions dealing with
perceived changes in their accuracy and RT over blocks of triais, attributions for their
performance, their enjoyment of the task and its degree of challenge, and the amount of
attention that they paid to accuracy and RT feev'back. Finally, subjects were asked to draw
graphs of the changes in their response time and accuracy over the 14 blocks of trials. The
experimental session lasted approximately 1.5 hours.
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The results revealed several interesting trends. Subjects increased their response
accuracy and decreased their responss latency over blocks in all conditions. In addition,
accuracy was lower in the Weighted Average condition (M = .84) thaninthe remainingthree
conditions (M = .92). Recail that we predicted that RT feedback would be most irformative
in the Weighted Average condition. If so, then subjects’ reliance on RT feedback in this
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condition may have caused them to pay less attention to accuracy feedback. Subjects in
the Weighted Average condition had relatively short respoiiee latencies (on correct trials)
(M =.793 msec.), suggesting that they used the RT feedback that they were provided.
Morsover, in responding to post-experimental questions, subjects intha Weighted Average
condition reported that they paid less atténtion to accuracy feedback (M = 2.77) than did
subjects in the three other conditions (M = 4.18). Response latencies in the Unweighted
Average condition (M = 807 msec.) were aimostas shortas those inthe Weighted Average
condition, indicating that subjects wereable to deriveinformationfrom RT feedback thatwas
averaged over the entire block of trials. Subjects in the remaining two conditions (Moving
Average and Last Trial Only) showed somewhat longer response latencies (Ms = 867 and
857 msec., respectlvely)

Other data obtained in Study 2 were also of interest. For example, a pusitive correlation

~was obtained between subjects’ actual and “graphed* response latencies across the four

conditions (f = .58), indicating that subjects were sensitive to block-by-block trends in their
response latencies. The correlation between subjects’ actualand graphedaccuracy scores
was much weaker (L = ..19). In addition, subjects in the Weighted Average condition
reported expending. somewnhat less effort on the task (particularly in the later blocks) than

did subjects in the other three conditions (M = 4.20 vs. M = 5.49). In examining subjects’ -

block-by-block judgments of the informativeness of performance feedback, we did not find
clear paraliels between how useful RT feedback was judged to be and how mush itactually
influenced accuracy and response latency. This suggests that subjective judgments of
feecback informativeness may not always be a good indicator of the effectiveness of
feedback. Finally, in extensive block-by-block analyses exploring relationships between
actual performance, evaluations of past performance, and expectations for future
performance, few reliable relationships were obtained.

In this and the following experiments, we shifted from a category-search task
to an electronic trouble shooting task. This latter task has more real-world training
implications. In ‘his study, our goal was to adapt an existing trouble shooting task to the
MEL environment and to gather data regarding the impact of several types of RT feedback.
In addition to Last Trial Only, Unwaeighted Average, and Weighted Average feedback, we
incluced a fourth condition in which subjects received “graded"” feedback (Exhibit 12). As
inStudles 1and 2, subjects received accuracy feedback after eachtrialand answered probe
questions after each block of trials. A within-subjects design was used in which six college
students served as subjects; they were paid a total of $20.00 for five days of participation
(one hour/day).

The trouble shooting task was presented using MEL. Subjects were requiredto predict
the output of four kinds of logic gates (and, nand, or, nor), which are basic components of
digital circuits. On Day 1, subjects first received a vritten introduction to digital electronics
that described fundamental aspects of logic gates and truth tables. Then, they were given
192 practice trials on logic gates; accuracy feedback was provided on each trial. In each
of three sets of 64 trials, subjects worked on 16 consecutive examples of each of the four
gatetypes. Duringthese practice trials, subjects hadaccess toa “help"key that showed the
truth table for the current trial. Finally, subjects were given 48 trials in which the four gate
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types were intermixed and the help key was notavailable. Performance onthefinal 48 tiials
vras used to screan subjects for further participation. Only subjects who were correct on at
laast 75% of thess trizis wure retained.

On each of the following three days (Days 2, 3, and 4), subjects received one type of
RT feedback --Last Trial Only, Unweighted Averags, or Weighted Average. The order of the
three types of feedback was counterbalanced across subjects. Oneach day, subjects were
givenfour blocks of 144 trials; each block contained 36 (intermixed) examples of ezch gate
type. Accuracy feedback consisted of either the word “correct* or the word “error.* RT
feedback was given in milliseconds. After each block of trials, subjects were asked to
estimate the numoer of errors that they made and their typical response latency on the
current block of tiials and to predict number of errors and typical response latency on'the
next block. Following the fourth block of trials, subjects used 7-point scales to answer 10
questions dealing with perceived changes in their accuracy and response latency over
blocks of trials, attributions for their performance, their enjcyment of the task and its degree
of challenge, and the amount of attention that they paid to accuracy and RT feedback.

OnDay 5. subjects initially ~~mpleted a transfer task inwhich they were asked to trouble
shoot 32 miniat.. 2 circuits, each containing two sets of three gates. Next, subjects received
training on individuai gates with "graded" RT feedback. Subjects were given four blocks of
B84 trials; each biock contained 16 (intermixed) examples of each gate type. After each trial,
subjects received accuracy feedback and a special form of Last Trial Only RT feedback.
They were shown RT in milliseconds, normalized by the typical parformance of all subjects
on the relevant gate type, as well as a grade label (awful, poor, below average, average,
above average, good, or excellent). The label was based on the difference between the
subject's current response latency and his average latency at tho end of Day 4 (Exhibit 13).
Following each block of trials, subjects received cumulative feedback regarding their
average accuracy on that block, their average response latency, and their average
response-latency grade. After they saw the cumulative feedback, subjects indicated their
difficulty in concentrating during the current block of trials and predicted their accuracy and
typical response latency during the next block. Finally, subjects complated the sams 10
questions that they had answered at the end of Days 2, 3, and 4. |

A substantial amount of effort was expended in adapting the electronic trouble shooting
task tothe MEL. environment. This effort was worthwhile inthat subjects showed substantial

training effects within and between Days 2, 3, and 4 and performed wellonthe transfertask

on Day 5. On Day 2, subjects’ accuracy improved over the four blocks of trials. Mean
accuracy (across the three RT feedback conditions) rose from 87% on Block 1 to 96% on
Block 4. This latter accuracy level was maintained during Days 3 and 4. Regarding
response latency, subjects’ latency decreased over blocks of trials on each day of training.
Inaddition, average response latency decreased azross Days 2, 3,and 4 (Ms = 1685, 883,
and 745 msec., consecutively). These effects occurred regardiess of the type of RT

feedback (Last Trial Only, Unweighted Average, Weighted Average) that subjects recsived.

In regard to the questions that subjects answered concerniing their current and future
performance, no significant effects due to feedback type were obtained. It is interesting,
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howaever, thatregardiess of the type of feadback they received, subjects were quite accurate
in estimating their current accuracy (mean actual - estimated number of errors = 1.50) and
response latency (mean actual - estimated RT = -28.67 msec.). This suggests that the

- three types of feedback were equally informative, which may help to explain why feedback

type fai\ad to Inﬂuenca sub]ects performance.

The graded RT feedback on Day 5 was included to provide preliminary information
concerning how well-trained subjects would respond to performance feedback (both trial
and block) that was explicitly evaluative. Results indicated that subjers continued to
maintain over 90% accuracy during Day £, while atthe same time decreasing their response
latency across blocks. In addition, during post-experimentai interviews, the majority of
subjects reported that they preferred the graded feedback to the threse other types.

smdy_g In this experiment, we used a larger, between-subjects design to assess the
impact of the four types of performance feedback investigated in Study 3 (Last Trial Only,
Unweighted Average, Weighted Average, Graded Last Trial Only). Ten college students
served as subjects in each of the four conditions. Subjects ret:eived a total of $8.00 for two
days of participation (one hotir/day).

The experimental task was the same as that used in Study 3, with a few exceptions.
Subjects pariicipated intwo, rather thanfive, sessions. OnDay 1, subjects againcompleted
practice trials on the four gate types separateiy (with access to a help key) and then
completed a series of mixed trials (without 1*ie help key). Only subjects who answered
coivectly on 75% or more of the mixed practice trials were retained. On Day 2, subjecisin
eacnh of the four RT feedback conditions completed four blocks of 144 trials and received
accuracy and response latency information. Feedback in the Last Trial Only, Unweighted
Average, and Weighted Average conditions was identical to thatin Study 3. Feedback inthe
Graded Last Trial Only condition differed from that in Study 3 in one minorway: Labelswere
based on the difference between the subject’s current response latency and the average
latency of previous subjects with a similar amount of training on the same task. After each
glock and at the end of the final block, subjects answered the same questions as in Study

Subjects in all conditions showed significant increases in accuracy and decreases in
response latency across blocks of trials. in addition, response latencies were somewhat
shiorter in the Last Trial Only and Graded Last Trial Only cenditions (Ms = 1198 and 1156
msec., respectively) thaninthe Unweighted Average and Wisighted Average conditions (Ms
= 1478 and 1316 msec., respactively). This pattern of /indings was different from that
obtained in Study 2, where latencies weré somewhat shorter in aggregated-feedback than
in nonaggregated-feedback conditions, suggesting that task type may influence the impact
of different forms of performance feedback.

Conclusion. The results of these studies indicated that we created an appropriate
experimental situation for investigating the learning of component skills. We found, for
exariple, thatfeedback affected performance even with the relatively short practice periods
that we employed. In Study 1, where subjects worked for less than an hour, subjects who
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received RT feedback had shorter response latencies than did those who did notreceive this
type of feedback. In addition, as hoped, the inclusion of probe questions did not affect
subjects’ performance, indicating that we can use these questions withoutconcernthatthey
will bias other measures. In all four studies, reasonable power-law practice functions were
obtained onresponse latencies, suggesting thatiearning was occurring ina normalfashion.
Examination of the relationship between subjects’ actual response latencies and recalled
latencies in Studies 2 and 3 revealed that subjects were paying attention to the RT ieedback
thattheyreceived. Finally, there was some evidence thatsubjects liked the gradedfeedback
better than the other forms of feedLack in Studles 3and4. -

Incontrastto the optimistic picture portrayed by the abovefindings, other data were less
encouraging. We did not find strong or consistent RT differences between fsedback
conditions, and few reliable relationships were obtained between current perforrance and
either evaluations of past performance or expectations for future performance. Ourfailure
to find stronger effscts may have been due to the relatively short practice periods that we
provided. As mentioned earlier, motivational problems ontasks like the ones we used often
do notarise for hundreds or thousands of trials. Since cur subjects only worked for an hour
or two and were still improving at the end of the experiment, they may have been
unresponsive to feedback differences that would influence the performance of less-
motivated learners. '

In these studies, students received information about temporaltrends in both their own
and others' performance. Several authors have suggested that competition between
individuals generally has deleterious effects on task motivation and performance (e.g.,
Ames, 1984; Johnson, Maruyama, Johnson, Nelson, & Skon, 198 1; Slavin, 1983). Others
have questioned this conclusion, suggesting that under certain circumstances competition
can stimulate effort and learning (e.g., Ball, 1984; Cotton & Cook, 1982; Levine, 1983;
Michaels, 1977; Seta, 1982). The goal of our research was to assess how joint
intrapersonal and interpersonal performance feedback, which is essential to competition,
affects the acquisition of component skills that require substantial practice.

Study S

In this experiment, we us ad a between-subjects design to assess the joint impact of
intrapersonal and interpersonal feedback. Fourteen college students served as subjects in
each of the four conditions. Subjects received a total of $8.00 for two days of participation
(one hour/day).

The experimental task was basically the same as that used in Study 4. On Day 1,
subjects again completed practice trials on the four gate types separately (with access toa
help key) and then completed a block of mixed trials (without the help key). Only subjects
who answered correctly on 76% or more of the mixed practice trials were retained. On Day
2, subjects in each of the four performance fesdback conditions completed eight blocks of
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64 trials and received accuracy and responsa latency information. At the end of avery third
block of trials and after the last block, subjects answered the same questions as in Study 4.

“The perfon'nance feedback that subjects received differed from our previous studies in
two major ways. First, subjects were given cumulative feedbe<k at the end of each block of
trials. This cumulative feedback was based on a rougnly equal composite weighting of the
subject's mean accuracy and mean response latency on the current block of trials.
Feedback scoras were computed using the formula: score = (minimum RT/mean RT) X
mean accuracy. Minimum RT was based on pilot data. In addition, subjects received
information about temporal trends in both their own ana others’ performance on the task.
Fourtypes of performancefeedback wereinvestigated, usingtheelectronic trouble shooting
task. In each condition, subjects were shown their composite performance score at the end
of each block of trials, followed by a graph of their composite scores for all of the blocks

completed up to that point.

ln the Self-Only (control) condition, subjects saw only their own performance scores on
graph (see Exhibit 14). Inthe three experimental condiiions, subjects’ graphs included
both their own (veridlcal) performance scores and the (manipulated) performance scores
of the "average peérson with the same amount of experience on the task." This average
other's performance scores were either similar to, worse than, or better than the subject’s
performance scores. In the Self-Equal condition, subjects saw the scores of an average
other who performed at-approximately the same level as they did (see Exhibit 15). In the
Self-Si iperiorcondition, theaverageother's performancewasconsistentiyandprogressively
worse than the subject’s performance over blocks (see Exhibit 16). Finally, in the Self-
Inferior condition, the average other’'s performance was consistently and progressively
better than the subject’s performance over bilocks (see Exhibit 17)..In each experimental
condition, the average other’s performance was based on predetermmed deviations from
the subject’s own performance.

Subjects’ responses to the post-test questions (answereu using 7-point scales)
suggested that our feedback manipulation was successful. Subjects in the Self-Inferior
condition rated their overall performance as worse than that of the average other (M =
2.00), whereas subjects in the Self-Superior condition rated their overall performance as
better than that of the average other (M = 5.64). Subjects in the Self-Equal and Control
conditions rated their performance as approximately equal to that of the average other (Ms
= 4,00 and 4.21, respectively). Across the four feedback conditions, subjects in the Self-
inferior condition were the least pleased with their performance (M = 3.29), whereas
‘s‘u%?cts in the Self-Superior condition were the most pleased with their performance (M =

Subjects in all conditions showed increases in accuracy and decreases in response
latency across blocks of trials. In addition, analysis of subjects’ composite performance
scores showed increases across blocks of trials in all conditions. However, the four types
of performance feedhack did not produce reliable differences incomposite scores, perhaps
because subjects worked for a relatively short period of time (two hours).
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This experimert: differed from Study 5 in several importantways. First, to assess how
irtrapersonal and interpersonal feedback affect performance when motivational problems
are more likely to be serious, we had subjects work on slectronic troubleshooting tasks for
relatively long periods of time (i.e., five hours, as compared to two hours in Study 5).
Second, rather than having subjects work onthe same electroniccomponents day afterday,
we introduced new components on successive days, as would occur in a real training
environmerit. Third, inordertoincrease the realism of the task evenfurther, we hads: ‘jects
learn complex electronic devices as well as simple logic gates. Finally, we assessed how
subjects’ level of achisvement motivation affected their responsses to various types of -
performance feedback. , .

Sixty-three undergraduates participated in five one-hour sessions, held on five
consecutive days. Subjects were screened to eliminate engineering students and people
familiar with electronics. Subjects were randomly assigned to the five conditions (four
experimental and one control) and paid $22.00 for their participation.

The experimental task involved learning a set of 24 electronic components drawn from
the 7400 TTL logic series. These components are the core modules of digital circuitry and
must be learned before an individual can do electronic trouble shooting. Subjects were
required to predict the outputs for each of 24 components. These components included
eight simple logic gates (Exhibit 18) and 16 complex devices (Exhibit 19).

Pilot research was conducted to determine the difficulty of learning each of the 24
components. Based on this research, the components were divided into four sets of six
components each that ware approximately equal in difficulty. Each setcontained two logic
gates and four devices. The first two days of the experiment were designed to familiarize
subjects with the task and allow them to acquire basic proficiency with a few components.
On both of these training days, subjects worked on the same set of six components. The
last three days of the experiment were designed to determine how various types of
performance feedback influenced subjects’ performance. On each of these experimental
days, subjects worked on a different set of six components.

On Day 1 subjects were initially asked to complete the Achisvemént subscale of
Jackson's(1984) Personality ResearchForm. This 16-itemscale, whichassessesindividual
differences in achievement motivation, has been shown to possess high reliability and
validity. Example of items are "l enjoy difficult work" and "When | hit a snag in what 1 am
doing, | don’t stop until | have found a way to get around it." Next, subjects recsived a
written introduction to digitai electronics in order to familiarize them with the task. This
introduction briefly described the difference between digital and analog electronic circuits,
what it means to code information digitally, the operations that electronic components
perform on binary-coded information, and how to read a truth table. in addition, subjects
were given a handout containing the truth tables for the six components that they would be
learning on Day 1 (Exhibit 20).
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After they had an opportunity to study the truth tables and ask queastions about them,
subjects received additional instructinons on the computer. These instruc:ions informed
subjects that their job was to learn the relationships between inputs and outputs for the six
electronic components they had just studied. They were informed that, if they had trouble
with any component, they could press the “help” key on their keyboard anid see the truth
tablefor thatcomponenton the screen. Finally, subjects were told thatthey would see either
the word "correct” or the word “error" after each trial. After receiving all of these inz auctions,
subjects completed 144 practice trials, during whichthey respondedto 24 examples of each
of the six components.

At the end of the practice trials, subjects read instructions for the remaining test trials.
Suljects were told that on the test trials examples of ttie six kinds of components would be
mixed together and the help key would be disabled. They were instructed to respond as
accurately and quickly as they could and were inforied that after each trial they would learn
whether they had been correct or incorrect and, on correct trials, how fast they had
responded (e.g., 1.55 secands). They were further informed that at the end of each block
of trials, they would receive a single performance score that reflected their combined
accuracy and speed on all the trials in the block, and they were shown a table explaining
how accuracy ancl speed were combined to produce these perfoarmance scores.

Subjects then completed 12 blocks of 32 trigls. Each block contained examples of all
six components. After each trial, subjects received accuracy fesdback and, if they were
correct, response latency feedback as well. At the end of each block of trials, subjects

. receivedan overall perfcrmance score onthatblock. These scores, which could rangefrom

0 to 100, were cslculated to weight accuracy and speed about equally. Scores were
computed usingtheformula: (.50 ((meanaccuracy - minimumaccuracy)/accuracy range))
+ (.50 (1 - ((mean RT - minimum RT)/RT range))). Minimum accuracy, minimum RT,
accuracy range, and RT range were based on pilot data. Performance scores were plotted
on a graph, with performance on the Y-axis and block number on the X-axis. In this way,
subjects saw a cumulative record of their performance over the 12 blocks of trials (Exhibit
21). After every three blocks of trials, subjects rated how pleased they were with their
performance on the last three biocks and estimated how well they would score on the next
three blocks. After all 12blocks of trials, subjects answered a series of questions abouttheir
reactions to the task (e.g., how much attention they paid to the feedback, how well they
geg;:rmed. how pleased they were with their performance, and why they performedasthey

ad).

The proceZucs for Day 2 were the same as those for Day 1, except that subjects did
not complete the Jackson Personality Research Form and did not receive the written
introduction to digital electronics. Therefore, subjacts on Day 2 were given an opportunity
to study the truth tables from Day 1 and then completed practice and test trials using the
saime six components that they had warked on before.

The general procedures on Days 3, 4, and 5 were the same as those on Day 2, withtwo
major exceptions. First, & new set of six components was introduced on each successive
day beginning withh Day 3. The presentation order for the three sets of components was
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- counterbalanced across subjects within each condition. Second, we introduced our
experimental manipulation of performance feedback onDay 3. This manipulationcortinued
onDays4and5.

Subjects in the Grade Band condition saw their performance graphed over a
background of five performance curves labeled Excellent, Good, Average, Below Average,
and Poor (Exhibit 22). These five performance curves were based on data from pilot
subjects -- the Averaga curve represents the average performance of pilot subjects, and the
remaining curves are approximately one or two standard deviations above or below the
average performance. Subjectsin the Grade Band condition were told thiat “along with your
own parformance scores, you will see lines indicating how well you are deing at any point
in time. The lines indicate levels of performance that are excellent, good, average, below
average, and poor." | , ~

Subjects in the Superior Other, Average Other. and Inferior Other conditions saw their

performance graphed over a background of a single performance curve. In the Superior
Other condition, the performance curve was the same as the Excellent curve in the Grade
Band condition (Exhibit23). Inthe Average Other condition, the performance curve was the
same as the Average curve in the Grade Band condition (Exhibit 24). And, in the Inferior
Other condition, the performance curve was the same as the Poor curve in the Grade Band
condition (Exhibit 25). Subjects in all three conditions were told that "along with your own
performance scores, you will ses a line indicating the typical performance of previous
subjects on this task. This line therefore represents "average" performance."

Finally, subjects in the Control (Sel Only) condition did not see any information about
grades or others’ performance. As on Days 1 and 2, these subjects continued to see a
. graph displaying only their own performance (Fxhibit 26).

In order to interpret the results of the study, it was first necessary to ascertain whether
subjects had paid attention to and accurately perceived the performancefeedback thatthey
received. We thersfore examined subjects’ responses to the post-experimental questions
that they answered atthe end of Days 3, 4, and 5. To the question, “How much attention did
you pay to the performance feedback graph at the end of each block?", subjects in all five
conditions reported a high degree of attention (M = 5.94, ona 7-point scale). This level of
reported attention, together with the absenct of any significant differences between
conditions, suggests that subjects did indeed pay close attention to the feedback that they
received. Of course, itis possible that subjects’ responses to this question simply reflected
conformity to demand characteristics, that is, subjects’ desire to have the experimenter
believe that they followed his instructions. _

Fortunately, data on other questions suggest that subjects were in fact attentive to the
feedback that they received. On the question, "How do you think your performance
compares with the performance of the average person on this task?", a significant condition
effect was obtained. Subjects in the Inferior Other condition gave the most positive
responss, subjects in the Superior Other condition gave the least positive resporise, and
subjects in the Average Other (and two remaining) conditions fell in between (Exhibit 27).
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Similar findings were obtained on the question, "How plgased are you with your overall
perfarmance onthe task?" Here, subjectsin the Inferior Other condition were most pleased,
subjects in the Superior Other condition were least pleased, and subjects in the Average
Other (and two remaining) conditions fell in between (Exhibit 28). It should also be noted
thatthe absence of asignificant Day main effect or Condition X Day interaction onresponses
to this question suggests that subjects did not become suspicious of the veracity of our
feedback manipulation as the days progressed.

Finally, the attributions that subjects madefor their performance were ratherinteresting.
Atthe end of each day, subjects were asked to rate the importance of four determinants of
their performance: their effort, their ability, their luck, and the difficulty of the task (Exhibit
29). Results indicated that, across conditions, subjects generally gave greater weight to
effortand ability (which are internal causes of behavior) than to luck and task difficulty (which

are externalcauses). Moreover, whereas effortandability were weighted aboutequally, luck

was weighted less heavily than task difficulty.

We then looked at condition differences within attributions and found a couple of
interesting patterns. Subjects in the Grade Band and Inferior Other conditions perceived
etfort to be a somewhat more important determinant of their perfarmance than did subjects
inthe remaining three conditions. This suggests that subjects inthe Grade Band and Inferior
Other conditions may have worked harder on the task, or at least viewed themseives as
working harder, than did subjects in the other conditions. And, incontrast to subjectsinthe

four other conditions, thoss in the Supsrior Other condition viewed ability as a more

important determinant of their performance as the ddys progressed. Since sJbjects in the
Superior Other condition performed relatively poorly compared to the "average" other, their
increasing tendency to attribute their performance to (low) ability may have reflected an
increasing perception of heiplessness, whichinturnmay have reducedtheirtask motivation.

Let us turn now to a consideration of subjects’ performance on the electronic
components. We willfocus on performance on Days 3, 4, and §, when the various types of
feedback were manipulated. As mentioned earlier, at the end of every block of trials,
subjects recsived a score that reflected their overall performarice on the 32 trials in that
block. These scores, which could range from 0 to 100, weighted subjects' response
accuracy and response speed about equally. On a typical day, over the 12 blocks of trials
accuracy scores rose from about 86% to 93%, latency scores fell from about 2200 msec to
1500 msec, and performance scores rose from about 31 to 64 onthe 100-paint scale. So,
by com erting to the new metric of performance scores, we not only provided subjects with
a "summary" of both their accuracy and speed, but we also made it easy for them to detect
rather small changes in their performance.

We adjusted subjects’ performance scores on Days 3, 4, and § in two ways. First, we
used performance on the last block of Day 2 as a covariate to “control" for differences in

ability. Second, we omitted subjects’ performance on the first biock of Day 3, which
preceded the introduction of the feedback mianipulation.
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Weinitialiy conducted ConditionX Day analyses on both mean performance scores and
final performance scores. Both of these analyses failed to yield significant effects, perhaps
because the large variability in subjects’ responses and the small 1 per cell made it hard to
detectdifféerances. Ir: orderto developa more sensitive index of performance, we computed
adifference scoreforeach subjectoneachday. Thisscore reflectedthe difference hetween
the subject’s performances on the initial and final blocks of trials (Block 12 minus Block 2
on Day 3; Block 12 minus Block 1 on Days 4 and 5).

A Condition X Day analysis on these difference scores yielded a significant Day main
effectand a significant Condition X Day interaction. The interaction revealed rather different
patterns of performance change in the five conditions (Exhibit 30). As this figure shows,
performance difference scores increased substantially over days in two conditions (Grade
Band, Inferior Other), but remained relatively stable in the three remaining conditions
(Control, Average Other, Superior Other). As days progressed, subjects 'vho received
gradefeedback orwho sawthe performancaof aninferior other showed larg,er performance
increases from thé beginning to the end of the experimantal session. This pattern was not
exhibited by subjects who saw only their own performance, the performance of a similar
other, or the pérformance of a superior other. Apparently, then, the chanceto earnahigher
grade or the chance to becomse even more superior to an inferior other was more motivating
than the chance to improve in the absence of either impersonal or personal feedback, the

chance to becoimie superior to a similar other, or the chance to become less inferior to a

superior other. '

Our findings are particularly interesting in light of some of the attributional data
presentedeariier. Recall that subject yinthe Grade Band and Inferior Other conditions were
somewhat more likely to attribute their performance to effort than were subjects in the
remainingconditions. Thatsubjectsinthese conditions showed improved difference scores
over time may mean that effort attributions facliitated their performance. Although the
present methodology does notallow us to establish a firm causal connection between effort
attributions and performanca, such a relationship is consistent with theory. it is also
interesting that subjscts in the Superior Other condition, who became increasingly likely to
attribute their (relatively poor) performance to (Iow) ability, did notshow improved difference
scores over time. Perhaps these ability attributions dampened subjects’ motivation to
perform. While such an explanation cannot account for the failure of difference scores to
rise in the Control and Average Other conditions, there is no a priori reason why the same
psychological mechanisms must control behavior under all fesdback conditions.

In addition, we might mention the results of correlations between subjects’ mean
performance difference scores (across Days 3, 4, and 5) and achievement motivation
scores in the five conditions. One of thes: correlations was significant. In the Grade Band
condition, subjects who were high in achievement motivation had higher performance

difference scores (¢ = .63). Perhaps the measure of achievement motivation used in this

study assesses competition against impersonal stan-ards (such as grade bands) rather
than competition against other people (such as inferior others). If so, it might be useful to
include a more socially-oriented measure of achievement motivation in future studies, inthe
hope of identifying an individual difference variable that accounts for some of the variance
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in subjects' performance when lnterpersonal competition is salierit.

Assuming that our findings prove to be reliable, one can ask whether Grade Band and

" Inferior Other feedback are equaliy useful in real-world training ervironniants. We would
o tentetwely suggest that Grade Bandfeedback is better suited to such training environments

than is.Inferior Other feedback. This conclusion is basad on the supposttion that grade
bandsaré likely to increase motivation for students at all ability levels (except perhaps those
who consistently perform poorly), whereas inferior other feedback Is only effective if the
"average" other is inferior to the student. In real-world training environments, where all

- students will probably receive veridical information regarding the performance of "average"
-others, only students who perform at above average or superior levels will see an inferior

average other. Studénts who perform ataverage, below average, or poor levels will see an
average other who is either similar or superiorto themselves. And, as our data showed, this
type of feedbeek does not increase students’ task motivation.

ancjusinn Studues 5 and 6 both manlpulatecl intrapersonal and interpersonal
performance feedback, but vielded rather different results.. in Study 5, the various types of
feedback:did .not -produce reliable differences in subjects’ performance, presumably
because-of the relatively short practice period that subjects were given (two hours). In

- contrast, in Study 6, where subjects worked on the task for a longer period (five hours),
reliable feedback differences were obtained on a measure of performance improvement
- withinsagsioris. These resdilts, In conjunction with our earlier findings regardmg the impact

of intrapersonal feedback alone, suggest that performance feedback is.a more powerful

~ determinant of behavior when lengthy practice is neacied to produce proficiency. In this

context, it is important to note that the differences obtained in Study 6 were based on only
three hours of training with performance standards. 1t is likely that in a normal six-week
treinlng course (with 240 hours of instruction), these differences would be magnified. That
is, we assume that feedback will become a more powerful motivator as intrinsic interest
wanes, which may take a period of time when new components continue to be introduced
in successive sessions.

Directions for Future Research

Our work was stimulated by an interest in motivational aspects of computer-based skill
training. Because performance feedback has been found to influence learning in a variety
of noncomputer environments and because computers provide many opportunities for
manipulating such feadback, we embarked on a series of studies designed to assess the
motivational impact of various types of intrapersonal and interpersonal feedback. Our work
has just scratched the surface of a very complex phenomenon, but we have learned some
interesting things about the impact of performance feedback.

Based on our results, we hava several suggestions for using performance feedback to
enhance motivation in computer based training. As subjects spend more hours with
interactive cemputer based training, motivation becomes a greater problem. Herice,
performance feedback of the kinds we used are likely to be more effective in extended
training procedures (e.g., greater than 10s of hours of instruction) than in special single-
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day enrichment or remedial procedures. Our subjects seemed to like the graphical
- presentation of their performance over time and the comparison information that they

- received. The block by block graphical summaries provided visual evidence of continued

- improvement over time. We found that subjects responded best to Grade Band or Inferior
Othercomparisondata. Sincethe Inferior Other curvesinvolve deception, they are probably
~ inappropriate for most training environments. We suggest that standard Grade Band
subroutines be:utilized in multiple lessons. The specific grade band levels need to be
established for each lessonindividually, taking into account the experience levelofstudents
ateach stage of instruction.

We believe that future work should be directed toward assessing how individual and
group competition affect performance on tasks such as that usedin Study 6. The paradigm

developéd .in Study 6 contains several important features of realworld training

environments; including a relatively long practice period (which could be extended even
further), the introduction of new components on successive days, the use of complex
electronic devices as well as simple logic gates, and the assessment of individual difference
factors (e.g., achisvement motivation) that are likely to influence performance. In regard to
variables that may affect the impact of individual and group competition on performance, we
believe that those listed on page 8 are good candidates for initial study.
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Performance Feedback Over Time

o Continuous vs. intermittent
o Constant vs. variable feedback interval (intermittent)

o Performance on last trial or aggregated across set of

trials
e Number of trials in set and weighting functxon

(aggregated)
o Absolute vs. relative
Obligdtory vs. voluntary

o Control vs. no control over forni of feedback

o Temporal pattern

Exhibit 1 .
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INTERPERSONAL COMPARISON

INTRAPERSO! AL COMPARISON

Al > A2
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Relevant Lines of Investigation

o Effect of knowledge of results (KR) on motor learning
and performance

¢ Effect of feedback on conceptual learning
o Feedback and performance in organizational settings

e Goals and feedback as determinants of motivation
and performance :

o Effect of feedback on goal setting
« Achievement motivation
o Expectancy-value models

o Effect of different types of feedback

e Social psychological research on reaction tn
intrapersonal feedback and joint
intrapersonal/interpersonal feedback

Exhibit 5
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Studies 3 and 4

Electronic Trouble-shooting
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These are the components that you will work with today. Each
component has its own rule for relating inputs to outputs. Please
note that there are . some constant rules that apply to all
components: ,

0 stande for the Inactive state.
1 stands for the active state.
X stands for either 1 or 0.
Some Inputs are weighted more heavily than others. This
means that the displayed input value must be muitiplied
by the weight to determine the actual input value.
For example, when input A2 equals 1, its value is 2.
When input A1 equals 1, its value is 1.

BUFFER
INPUTS || OUTPUT
1 9
o I o —

Output Is the same as the input.

~

INVERTER
INPUTS || OUTPUT
1o —
0 il 1

Output Is the opposite of the input.

JK FLIP FLOP

CLEAR CLOCK J K || OUT
(1) )‘g X X d' [? —iClear
0 0 L | ac
1 P 10 1 ‘ %\ bt —
1 P 01 o
1 P 11 T —] K
1 0 XXJ|I M

When the ‘clear’ input is 0; then the output is 0.
When the ‘clear’ input iIs 1, J and K are the relevant inputs.
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RUNS DETECTOR

o 3 2 110 1 2 3
o 0 0 Of1 0 0 O
0 0 1 || 0100 3 or—
0 1 0 | 0 1 0O aApr—
A o1+ 10 0 1 O 4} ap—
1 0 0|0 1 0 O Y
I 1 0 10 1 0 O A
£ 1 10 !l 0 0 10 ——

1 1 10 0 0 1

Count the number of ‘active’ (equal to 1) consecutive input

states. '

This number corresponds to where a 1 is placed in the output.
The rest of the outputs equal 0. -

EDGE TRIGGER FLIP FLOP
PRESET CLEAR CLOCK D | Q

1 0 X X o —
0 ; % ” ; Tresed
0 0 X X| 1 “—Clear Qb
1 1 P 1 1
e—iC \ ock
1 1 P O] O
1 1 0. X|| M —"D

When pulsle ('P‘)D Is present, the output equals the value of
n ut .
When there pls no pulse ('P') and ’'preset’ and 'clear are
both 1, the output equals M. ‘
When 'preset’ equals 1 and ‘clear’ equals 0, the output
equals 0.
When ‘preset’ equals 0, the output equals 1.

COMPLEMENT
3 2 1§13 2 1
o 0 o1+ 1 v+
0 0 1|1 1 0O -3 3~
0 1 0|1 0 1
o1t 1|1t 0o O P Q
1 0 0fj0 1 1
1 0 10 1.0 —ia 1 |—
1 1 0Jjo0 o0 1
1 1 1o ¢ O

The outputs are the opposite of tha corresponding inputs.
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"How do you think your performance compares with the performance of
the average person on this task?"

Condition M

‘ Inferior Other 5.72
‘ Average Other 4.41
Superior Other | 3.59
CGrade Band 4.81
Control | 4.44
Exhibit 27
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"How pleased are you with your overall performance on the task?"

Condition
Inferior Other
Average Other
Superior Other
Grade Band

Control

Exhibit 28
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